Some parents may desire their children to be asleep at the time of parental separation. In those circumstances, an increased degree of sedation is desirable. Beebe et al proposed a combination of rectal ketamine and midazolam 1 . Nevertheless, only 44% of their patients were asleep during separation when 3 mg.kg -1 ketamine was added to 0.5 mg.kg -1 midazolam by rectal administration. This percentage could be even lower in younger children because of their larger volume of drug distribution. The estimated bioavailability of rectal ketamine is about 25%, based on a report by Malinovsky et al 2 . The effects of 8 mg/kg rectal ketamine should be equivalent to that of 2 mg/kg intravenous ketamine approximately. In our institution, we are familiar with the effects of 2 mg/kg intravenous ketamine with or without midazolam as we often use that combination for spontaneously breathing anaesthesia for some short procedures. Novak et al reported on sedation with intravenous ketamine (2.3 mg/kg) and midazoloam (0.05 mg/kg) for short procedures requiring pharyngeal manipulation in young children 3 . Their results revealed low incidences of airway problems (desaturation 3.3%, laryngospasam 2.5%). As indicated in that report, the incidence of airway problems could be even lower if there was no pharyngeal manipulation. We therefore postulated that increasing the dose of ketamine in rectally administered ketamine and midazolam premedication would increase the reliability of sedation without adverse effects. We undertook this prospective, randomised and blinded study to compare 8 mg/kg with 4 mg/kg rectal ketamine when added to 0.5 mg. 
MATERIALS AND METHoDS
With approval from the hospital ethics committee and parental consent, we recruited 67 healthy American Society of Anesthesiologists physical status I/II children between the ages of two months and two years undergoing elective surgery in our institution with a duration of greater than 60 minutes. Children with haematocrit ≤30%, anal pathology, upper respiratory tract infection, passive smoke exposure at home, congenital heart abnormalities, systemic disease or long-term therapy with hepatic enzyme-inducing drugs were excluded.
Patients were randomised to two premedication groups by lot: group MK received 4 mg.kg -1 atropine rectally. Medications for every patient were mixed and diluted with normal saline to 3 ml by one of the investigators (ZJZ). Thirty minutes before parental separation and transfer to the operating theatre, the premedication was administered by a second investigator (XW) blinded to the group allocation. Premedication was administrated rectally through a 'home-made' rectal tube lubricated with sterile liquid paraffin and inserted 5 cm beyond the anal opening ( Figure 1 ). The nurses in the ward were informed of the possibility of airway compromise. Close supervision was also ensured. Respiratory rate, heart rate and oxygen saturation (Spo 2 ) were recorded 30 minutes after study drug administration, prior to parental separation. Patients who refused to take the whole dose were excluded from further analysis.
Venepuncture with a 24-gauge cannula was performed approximately five minutes after parental separation by the attending anaesthetist in the operating theatre. Anaesthesia was induced with propofol 2 to 3 mg.kg -1 intravenously. Inhalational induction with sevoflurane was used in those subjects in whom intravenous catheter placement was unsuccessful. Anaesthesia was maintained with sevoflurane and fentanyl, at the discretion of the attending anaesthetist, with vecuronium used for muscle relaxation. All of the patients were given ondansetron 0.1 mg.kg -1 after induction. Postoperative analgesia was provided by morphine or acetaminophen (paracetamol). on completion of surgery, the volatile anaesthetic was discontinued. The trachea was extubated when the child had resumed spontaneous ventilation and the gag reflex had returned. All subjects were observed in the recovery room for a minimum of 60 minutes as per institutional policy. Post-anaesthetic recovery was assessed using the modified Aldrete score 4 . A score of 9 points was considered sufficient for discharge to the ward.
All patient observations were performed and recorded by the blinded investigator (XW). The level of sedation at the parental separation as well as the subject's response to rectal tube insertion and intravenous cannulation were evaluated with a fourpoint scale, adapted from Beebe et al's previous study 1 , as described in Table 1 . Time to recovery room discharge was recorded.
Sample size calculations were performed as per Lerman 5 . Based on Beebe et al's data, we expected 45% of the subject in group MK to be asleep at the time of parental separation and considered a 30% increase in subjects asleep in group MKK to be clinically significant. Thirty-two patients in each group were required to achieve a power of 80% and an alpha error equal to or less than 5%.
Data were analysed by Statistical Package for Social Science (SPSS) version 11.5 for Windows (Chicago, IL, USA). Student's t-test was used for parametric data. Mann-Whitney U test was used for nonparametric data (scores). gender was analysed by chi-square test. Significance was defined as P <0.05.
figuRe 1: our 'home-made' rectal tube. The tip is the distal part of a cut down 12F suction catheter. The three-way stopcock allows washing of the residual drugs out of the deadspace using air. 
RESULTS
Demographic data are presented in Table 2 . Sixtyseven patients were enrolled in this study (34 in group MK and 33 in group MKK). No subjects were excluded from analysis. There was no difference between groups in vital signs at the time of parental separation (Table 3) . No subjects experienced oxygen desaturation during the study period. Spo 2 , respiratory rate as well as heart rate data 30 minutes after study drug administration are shown in Table 3 .
Rectal administration of drugs caused transient distress in some patients, but 80% of the patients had a response score ≥2. Most patients in groups MK (94%) and MKK (93%) were calm when separating from their parents. Significantly more subjects receiving high dose ketamine were asleep during parental separation (62 vs 35%) (Figure 2) . Similarly, the higher dose ketamine resulted in significantly more patients either asleep or not crying during venepuncture (63 vs 32%) ( Figure 3 ). All patients were ready for discharge from recovery room at one hour with a modified Aldrete score of 9 or 10. No excessive salivation causing concern during induction of anaesthesia was noted in either group.
DISCUSSIoN
our data indicated that most patients were calm during separation when either 8 or 4 mg.kg -1 ketamine was added to 0.5 mg.kg -1 midazolam and 0.02 mg.kg -1 atropine rectally. However, nearly twothirds of subjects receiving higher dose ketamine with midazolam were asleep at the time of parental separation compared to one-third of those receiving lower dose ketamine. This represents clinically significant increased sedation for cases where unconsciousness is the desired endpoint. The possibility of having a quiet child during intravenous cannulation in the higher dose group was also twice that in the lower dose group.
Arterial oxygen desaturation after premedication did not occur in our study population of healthy infants and toddlers, which suggested that the higher dose combination is safe in a carefully selected population. This was consistent with SaintMaurice and colleagues' previous report 6 . They 7 . The advantage of preserving functional residual capacity or minute ventilation under deep ketamine anaesthesia in healthy children has also been reported 8 . Our findings and these previous reports suggest that ketamine administration in children has a wide margin of safety. Nevertheless, our study cannot rule out an increased incidence of respiratory or other adverse events due to its small sample size. We also emphasise that our patients were healthy and that our findings cannot be generalised to children at risk of respiratory compromise. A much larger study would be required for more definitive safety information.
The side-effect that occurred most frequently after 2.3 mg/kg intravenous ketamine in the Novak et al study was somnolence (63%) 3 . Tanaka et al also found that the recovery time was prolonged after 10 mg/kg rectal ketamine administration 9 . However, the time to tracheal extubation was not affected. Furthermore, the analgesic profiles were improved significantly. We did not find a delay in recovery room discharge in patients receiving a higher dose of ketamine. Nevertheless, all patients in our institution stayed in the recovery room for a minimum of one hour. We cannot rule out that patients receiving a lower dose of ketamine were ready for discharge earlier in their recovery room stay.
According to the report by Novak and co-workers 3 , there were some other side-effects after large doses of intravenous ketamine administration, such as nausea and vomiting (19%), anxiety (12%) and hallucinations (2.1%). We did not investigate these side-effects. We administered ondansetron to all patients to reduce the likelihood of nausea and vomiting. Nevertheless, Kranke et al found that children younger than three years are less likely to experience postoperative nausea and vomiting 10 . Fewer subjects in our study receiving the lower dose ketamine were asleep at parental separation than was the case in Beebe and co-workers' study receiving similar doses (35 vs 44%). This difference may be due to the younger age of subjects in our study (2 to 24 months vs 8 months to 7 years). This might indicate that larger doses of ketamine are required in a younger patient population.
Tanaka and colleagues investigated high-dose rectal ketamine premedication alone, without the addition of midazolam 9 . Less than 30% of their subjects receiving 10 mg.kg -1 ketamine were asleep at parental separation, compared to 62% of our subjects receiving 8 mg.kg -1 of ketamine with midazolam. This difference suggests that the coadministration of midazolam significantly increases the degree of sedation achieved with rectally administered ketamine.
In routine practice, premedication is not expected to produce deep sedation. However, in some circumstances an increased degree of sedation is desirable. In our practice, some parents strongly prefer that their child be rendered unconscious prior to separation. As well, some non-paediatric anaesthetists caring for children in our institution require that their patients are unconscious at the time of anaesthetic induction. This investigation was motivated by a desire to establish a reliable and safe method to provide an increased level of preanaesthetic sedation. We do not advocate one degree of sedation over the other, but rather note that in circumstances where it is desired, unconsciousness at parental separation is more reliably achieved with higher dose ketamine co-administered with midazolam.
In summary, we conclude that the addition of ketamine 8 mg.kg -1 to midazolam 0.5 mg.kg -1 and atropine 0.02 mg.kg -1 administered rectally to infants and toddlers is more reliable for producing a high degree of sedation at the time of parental separation compared to the addition of ketamine 4 mg.kg -1 . This drug combination should be considered in young children where an increased degree of preinduction sedation is desired. The combination can also facilitate intravenous cannulation. Although no adverse events were observed in our study, we emphasise that appropriate patient selection and monitoring is required when administering a higher dose of sedative medication. Safety is paramount, even if the child is distressed.
